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ABSTRACT
This project presents a potential alternative desalination technique that utilizes the ion rejection
properties of single walled carbon nanotubes dispersed in a lyotropic liquid crystal (LLC) matrix.
Previous research has pointed to the polymerizable surfactant methacryloxy ethyl hexadecyl
dimethyl ammonium bromide (C16MA) having capabilities of filtering molecular components
smaller than a nanometer, when oriented in cylindrical micelles. SWCNTs were dispersed in
deionized water by probe sonication and addition of surfactant cetyltrimethylammonium bromide
(CTAB) due to SWCNTs’ hydrophobic properties. Membranes were produced containing 55wt%
C16MA, 37wt% DI water, 0.1wt% with respect to the monomer (WRM) SWCNTs, 1.9 wt%
WRM 2,2-dimethoxy-2-phenylacetophenone (photointiator), 3 wt% WRM CTAB, 3.8 wt%
WRM N,N-methylenebisacrylamide (water soluble crosslinker), and 5.3wt% WRM tetraethylene
glycol diacrylate (water insoluble crosslinker). The resulting photopolymerizable gel was pressed
between two glass slides onto a polyethersulfone membrane to produce a defect free membrane.
When UV-polymerized, the crosslinked surfactant forms an LLC which theoretically contains
SCWNTs in highly ordered interstitial sites. Pressure driven filtration of tap water through the
membranes was conducted. Flux rates were compared between samples with SWCNTs, without
SWCNTs, and a polyethersulfone membrane. The SWCNT membrane demonstrated no defects
when undergoing filtration. Further investigation of the membranes produced through the gel
press method must be conducted to confirm the efficacy of desalination with these membranes.
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1. Motivation
1.1 Depletion of Fresh Water Resources
With massive amounts of freshwater sources being used for agricultural uses and contaminants
on the rise from large populations, a new problem is arising for modern society. That problem is
the depletion of our fresh water sources for readily available drinking water. Freshwater lakes
and rivers contain less than .01% of water on Earth and less than 3% of the water in the world is
fresh enough to drink[1]. Climate change and population overgrowth are two major threats to
these freshwater sources that are utilized as a basis for many things in our society. According to a
study on the effects of population growth and climate change by Dr. Vorosmarty and team, a
third of the world’s population lives under conditions in which water is scarce[2]. As the human
population continues to grow, our water usage increases, and the gap of water scarcity amongst
worldwide populations grows. When looking at population growth over the past century (Fig. 1),
we can clearly see a direct correlation with the amount of fresh water being used and human
population increasing. With freshwater use increasing, our freshwater sources are being depleted
(Fig. 2). The groundwater level in Dhaka has been getting lower and lower below sea level as the
number of deep tube wells is increasing, which will not be sustainable as the human population
continues to grow considering most of our drinking water comes from groundwater sources[3].
This example shows how increasing urbanization results in lower access to drinking water.

Figure 1. Water use and world human population over time[2].
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Figure 2. Groundwater levels and number of deep tube wells in Dhaka over time[3].

Most of the water on Earth is in the ocean, and accessible to a large population of the world. If
ocean water can be desalinated to levels that satisfy California’s drinking water standards, oceans
could be a viable resource for producing freshwater. The guideline for drinking water salinity is
having a total dissolved solids (TDS) of less than 1,000 mg/L and to have an Electrical
conductivity of less than 1,600 µS/cm[4].

2. Background
2.1 Desalination
With freshwater sources diminishing, we need to start looking at alternative sources of water, the
biggest one being the ocean. Desalination is an option for producing drinking water from the
oceans. The most common methods of desalination currently in place are thermal desalination
and reverse osmosis membrane desalination.
Thermal desalination in its simplest form heats up salt water and condenses the water vapor to
produce fresh water (Fig. 3). This method has an extremely high energy cost, and as a result, it is
primarily used in the Middle East because of the petroleum resources they have there. This
method of desalination is definitely not sustainable due to the high energy cost.
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Figure 3. Thermal desalination schematic[5].

Reverse osmosis membrane desalination essentially pumps salt water through a selective
semi-permeable membrane (Fig. 4). This method also has a high energy cost, as the salt water
typically needs to be pressurized to 800-1000 psi.

Figure 4. Reverse osmosis membrane desalination schematic[6].
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2.2 Nanofiltration
A lower energy solution for desalination is nanofiltration. Nanofiltration is a separation process
that can be done with zeolites, graphene, nano-metal oxides, nanocellulose, and carbon
nanotubes. Water is passed through a selective membrane, which is supported by a porous layer
(Fig. 5). Different nanomaterials can be used in the selective layer of the membrane, and
depending on their structure, are shown to increase flux and decrease fouling. This paper will
focus on the utilization of carbon nanotubes in filtration.

Figure 5. Schematic of nanofiltration membrane[7].

2.3 Carbon Nanotubes
Carbon nanotubes have the same structure as graphene, but they are in a cylindrical form.
Graphene is a single layer of carbon atoms. Single walled carbon nanotubes (SWCNTs) are a
type of carbon nanotube (Fig. 6). SWCNTs are around 1 nanometer in diameter, which is much
smaller than multi-walled carbon nanotubes (MWCNTs), for this study, SWCNTs are utilized.
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Figure 6. SWCNT compared to MWCNT[8].

Regular carbon nanotubes cannot extract salt ions from salt water, they need to be functionalized.
Promising capabilities have been shown with COO or NH3 functionalization (Fig. 7)[9]. The
computational simulations of this showed 100% salt rejection by steric hindrance of the ions,
while still allowing permeability along the near-perfect smooth surface of the carbon
nanotubes[10].

Figure 7. Functionalized carbon nanotubes[9].

2.4 SWCNTs in LLC
In order for the carbon nanotubes to be successful in filtration, they need to be highly aligned. In
a recent study, a composite membrane was produced utilizing a lyotropic liquid crystal composed
of cylindrical surfactant micelles to provide the hexagonal structure for the carbon nanotubes.
The nanotubes fit into the interstitial sites of the network, which is also enhanced by a
crosslinker[11].
To produce this membrane, first, the monomer surfactant (C16MA) was synthesized using
1-bromotetradecane and 2-(dimethylamino)ethyl methacrylate (DEMA). The monomer had a
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hydrophilic head and hydrophobic tail, which causes the surfactant to form cylindrical micelles
(Fig. 8).

Figure 8. Surfactant micelles and crosslinkers[12].

Next, the functionalized single walled carbon nanotubes (SWCNTs) were dispersed in solution
using 2.0 wt% CTAB, deionized water, and ultrasonicated using microtip sonication. The
monomer surfactant was added, and the solution was further sonicated using bath sonication.
Then the crosslinker (N,N-methylenebisacrylamide) and photo-initiator
(2,2-dimethoxy-2-phenylacetophenone) were added to the solution and allowed to disperse for
2-5 days to produce a homogenous solution. To form the membrane, the gel press method can be
used. Next, photopolymerization is used to polymerize the solution. The sample is run through
a LC6 benchtop UV conveyor, where the UV light works with the photo-initiator to initiate the
polymerization reaction[11]. This study provides a way to produce carbon nanotube-enhanced
polymer composite membranes for desalination applications.

2.5 Crosslinkers
In the previous research done for this project, only the water soluble crosslinker was used in the
lyotropic liquid crystal[11]. The water soluble crosslinker is represented by the dark blue lines
between the micelles in Fig. 8. The crosslinker acts as a bridge between the surfactant micelles
and helps form the network necessary to accept the carbon nanotubes. Other research has shown
promising results from the addition of a water insoluble crosslinker in addition to the water
soluble crosslinker. The water insoluble crosslinker is represented by the green lines within the
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micelles in Fig. 8. It is expected that by using both crosslinkers, the structure of the LLC will be
locked into place upon UV polymerization.

2.6 Gel Press Method
The drawdown method was used for applying the C16MA gel to the porous PES support
membrane in previous research at Cal Poly[11[13][14]]. When using this method, a shear force is
applied upon the gel that could possibly be misaligning the SWCNTs in the LLC; in all cases
filtration was unable to be achieved because of the defects caused by this process. To avoid this
shear force, the gel press method can be used as an alternative (Fig. 9). The gel press method is a
simple way to spread the gel over the porous membrane. To perform the gel press, the gel is
placed on top of the porous membrane, with a UV transparent film on top of the gel and the
entire membrane is pressed between two glass plates. The gel spreads out and the entire
sandwich can be run through the UV conveyor to polymerize.

Figure 9. Gel Press Method[12].

2.7 Research Question
If a composite membrane is produced with both water soluble (2 wt%) and insoluble (3 wt%)
crosslinkers, 55 wt% C16MA surfactant, 0.10 wt% SWCNTs with respect to monomer, utilizing
the gel press method, ultrasonication, and photopolymerization, will it successfully desalinate
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water to California’s drinking standards, while maintaining constant flux over an extended
volume of water?

3. Methods
3.1 Design of Experiment
The design of this experiment is to develop a membrane that is made from a lyotropic liquid
crystal matrix containing SWCNTs, free from defects, formed on a structural membrane, and is
water permeable. The lyotropic liquid crystal polymer that is most viable for containing
interstitial SWCNTs is C16MA as discussed in earlier sections. A defect free membrane means
that there are no macroscopic cracks, holes, or other voids that are larger than the pores formed
by the SWCNTs and LLC. The surfactant was produced and obtained from previous research
groups. The surfactant produces a LLC when combined with a surfactant concentration of
anywhere from 40-80wt%. The SWCNTs are incorporated in the matrix by making a SWCNT
solution, which is then combined with the surfactant C16MA. This theoretically produces an LLC
gel with interstitially spaced SWCNTs. The gel then has to be placed on a structural membrane,
in this case a Polyethersulfone (PES) filter was chosen because it is a nanoparticulate filter, while
also being thin and flexible for the gel to be spread out on. To get the gel onto the PES, it needs
to be spread out through some sort of force. To achieve this, a pressing method was used that
squeezes the gel between two surfaces to spread it evenly out on the PES, which can then be
subsequently UV polymerized. Once they are cured onto the PES, the permeability is tested
through a pressure driven filtration apparatus that contains a mount for a flat sample.

3.2 Production of Samples
Each membrane was individually prepared utilizing the Gel Press method from the synthesized
gel. Each sample is made with C16MA to take advantage of the nanoporous filtration properties.
The samples containing SWCNTs were made to take advantage of the theoretical salt ion
rejection properties. The following methods were used to obtain membranes that are capable of
rejecting salt ions, while being permeable to pure water. The SWCNTs were introduced into the
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C16MA matrix by dispersing them in a solution of water and cetyltrimethylammonium bromide
(CTAB), which acts as an emulsifier for the SWCNTs.

3.2.1 Producing Monomer C16MA
The surfactant was acquired through a previous project group using the following method.[13][14]
Acquiring the surfactant from an external source aided in expedited lab procedures for producing
membranes while time in the lab is limited for students during the Covid-19 pandemic. All the
chemicals for this portion of the project were purchased by commercially available resources. A
260 mL acetone reaction medium was used to mix 2-(dimethylamino)ethyl methacrylate
(DEMA; 0.06 mol) and 1-bromohexadecane (0.05 mol). The mixture was heated in a silicone oil
bath at 55 ℃ for 3-5 days to dissolve with an additive of hydroquinone to prevent polymerization
of the reaction mixture. This was done in a closed environment connected to a reflux condenser
to prevent evaporation of acetone. After the 3-5 days of reacting, the acetone was rotary
evaporated, leaving behind a powder form of C16MA, the desired surfactant. After precipitation
of the surfactant, it was rinsed with diethyl ether and vacuum filtration was used to acquire
purified C16MA.

3.2.2 Producing CNT solution
The CNT solution was acquired by combining functionalized SWCNT acquired from
cheaptubes.com with DI water and the surfactant cetyltrimethylammonium bromide (CTAB) as a
dispersing agent. The surface of the CNTs are hydrophobic, and tend to conglomerate. CTAB has
a hydrophobic tail, which is attracted to the hydrophobic surface of the CNT when dispersed in a
hydrated environment. To acquire a well dispersed solution, 0.1wt% of CNT and 3wt% CTAB
were added to a DI water mixture with respect to monomer content. The Qsonica Q700
ultrasonicator was used to disperse the CNT in DI water solution for at least 3 hours at an
amplitude of 60% with 15 seconds pulsing on and 5 seconds off. The ultrasonication heats up the
solution, so the vial used was covered with parafilm to mitigate evaporation and kept in an ice
bath to reduce temperature. This assisted in mitigating polymerization of the sample.
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3.2.3 Producing nanocomposite membrane
Combining the monomer C16MA with the CNT solution was the next step to produce the
composite gel. The C16MA was added to the solution. The photo-initiator
(2,2-dimethoxy-2-phenylacetophenone, .5wt% with respect to monomer), water soluble
crosslinker (N,N-methylenebisacrylamide, 5wt% with respect to monomer), both obtained from
Sigma-Aldrich, and the water insoluble crosslinker (tetraethylene glycol diacrylate, 5wt% with
respect to monomer), obtained from Tokyo Chemical Industry Co., were added to the solution as
well. The mixture was stirred thoroughly with a paper clip to obtain a paste. It was subsequently
placed in a centrifuge at 3600 rpm for 15 minutes to settle the sample at the bottom of the vial
and eliminate bubbles. For further dispersion of the solution, the sample was bath sonicated for
15 minutes in an ice bath. The ice bath was used to prevent polymerization of the sample under
heated conditions of the sonication. The sample was set to settle for at least 48 hours before
proceeding.
The final product of the composite gel was placed on a structural membrane. The structural
membrane was a 47mm Polyether Silicone (PES) membrane, which acts as a surface for the gel
to stick to when polymerized. The gel press method was used to produce the composite
membrane. The layered system (Fig. 9) was used to perform the gel press, which was conducted
by Feng et al. to produce non-CNT gel membranes[12]. First the PES was laid down on a glass
panel for a flat surface. About 250mg of gel was placed on top of the PES, and subsequently
pressed down with a layer of a UV transparent film and a glass slide on top.
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Figure 9. Gel press method schematic.

The bottom glass slide was removed and the remaining materials were placed on a
Heraeus/Fusion UV’s LC6B benchtop conveyor for multiple passes while monitoring the
membrane after each pass where the photo-initiator could activate the polymerization process.
The top glass slide was kept on to hold the membranes securely on the belt of the UV conveyor.
The UV transparent film was peeled off the sample once it was fully cured to produce the
membrane. The following different UV transparent films were used to acquire the best
membrane: tinted Mylar film, polyethylene film, parafilm, and transparency film.
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3.3 Testing Composite Samples
The objective when testing the composite membranes is to see if they are defect free, and
capable of desalinating water. The flux of water passing through the membrane can be tested in a
pressure driven filtration apparatus. Due to time constraints, the desalination tests were not
conducted.

3.3.1 Filtration
The filtration apparatus used in the lab was a STERLITECH HP4750 (Fig. 10). This apparatus is
used to test a pressurized filter membrane. The composite membrane was placed inside the
filtration apparatus where the membrane disc is seen in Fig. 2. For this project, an adapter for a
25 mm membrane was utilized. The instruction manual for the STERLITECH HP4750 explains
the apparatus and attachments in detail for use. The magnetic stir bar was placed in the pressure
chamber along with 250 ml of water. The system was then enclosed by clamping the gas inlet
and the membrane mount shut with O-rings to make sure it was air-tight. The apparatus was
placed on a magnetic stir plate to keep the solution inside the chamber homogenous. Pressurized
Nitrogen gas was applied to the pressure chamber at 80 psi to start filtration. The permeate was
then collected from the spout where it is exposed to atmospheric pressure, i.e. the relative high
pressure from inside the chamber flows towards the low pressure through the spout. The mass of
the solution was measured, and the time it took to filter the solution was also measured.
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Figure 10. Schematic of STERLITECH HP4750 assembly[15].

4. Results & Discussion
4.1 Membrane Production
The main result of this project was the production of the membranes. The technique used to
produce the membranes was different from previous projects that have worked with the C16MA
gel mainly because of the gel press method that was used in this project being compared to the
drawdown method being used in previous projects[11][13][14]. Over 60 membranes were produced
utilizing different UV transparent films and comparative analysis to produce the best membrane.
This process was done with varying UV transparent films as stated earlier.
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4.1.1 Gel Synthesis
By combining all of the ingredients as described in the methods, the C16MA gel was produced
with and without SWCNTs. After the initial mixing, centrifuging, and bath sonication of the
C16MA gel without SWCNTs the gel still had visible undissolved monomer (Fig. 11) and an
excessive amount of small bubbles.

Figure 11. C16MA gel with no SWCNTs, with undissolved monomer still visible at the bottom of the vial
(left) and many small bubbles still present before centrifuging (right).

After leaving the gel for over 48 hours, the majority of the monomer C16MA had dissolved,
however the bubbles were still present. Further centrifugation was necessary to remove the
bubbles. In general, the longer the gel was left, the more homogenized the gel became, and the
longer the gel was centrifuged, fewer bubbles were present in the gel (Fig. 12). The C16MA gel
with SWCNTs had visible undissolved monomer after the initial mixing, but also homogenized
with time. There were much fewer bubbles present in the gel with SWCNTs than the gel without
SWCNTs, due to the lower surfactant concentration used for that gel. By decreasing the
surfactant concentration of the gel, it was less viscous, and the bubbles were removed more
easily with the centrifuge.
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Figure 12. Fully homogenized C16MA gel with SWCNTs (left) and without SWCNTs (right).

A fully homogenized gel with few or no bubbles is necessary to produce a defect-free membrane
that is successful in filtration.

4.1.2 Gel Press Method
To begin this method, the correct amount of gel had to be produced to make a film sample that
was thin and evenly spread. The thickness of the samples was not tested, but the thickness was
observed to be similar to that of the PES membrane when spread evenly with approximately 250
mg of gel (Fig. 13). Samples made with larger amounts of gel produced membranes that were
difficult to polymerize.

Figure 13. Approximately 250 mg of gel is weighed on top of a PES membrane, before gel press.

Another major step in making the gel press produce a defect free membrane was selecting a
material usable for the UV transparent film. Previous literature showed that Mylar film is the
15

best option for producing a membrane[12[16]]. Using the non-SWCNT C16MA gel, parafilm was
initially used to produce samples. The parafilm did not work for multiple membranes and was
determined as non-viable for producing membranes (Fig. 14). The membranes produced using
parafilm as the transparency film did not polymerize, and demonstrated large cracks after UV
exposure. What seemed to happen was no polymerization, yet a complete dehydration of the
sample due to heating under the lamp.

Figure 14. C16MA gel with no SWCNTs pressed beneath parafilm before UV exposure (left) and after UV
exposure (right).

Using Mylar film with 15 passes under the UV lamp for 20 seconds each pass, a fully
polymerized membrane was produced (Fig. 15). After 15 passes of 20 seconds of UV exposure,
the gel fully polymerized for repeatable results. The polymerized membranes turned brittle and
more transparent than the unpolymerized gel.

Figure 15. C16MA gel with no SWCNTs pressed beneath mylar before UV exposure and polymerization
(left) and after UV polymerization (right).
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When producing membranes with SWCNTs, Mylar was initially used. After 30 passes under the
UV conveyor for 20 seconds per pass, the 52 wt% SWCNT gel was not polymerized. This was
repeated three times, each with a non-polymerized membrane result. The membranes produced
with SWCNTs and the mylar as the transparency film never fully polymerized. When peeling off
the mylar after UV exposure, the gel would stick to the mylar, still wet and unpolymerized. (Fig.
16).

Figure 16. Cured C16MA gel with SWCNTs pressed under mylar before UV exposure (left) and after
(right).

Since the C16MA without SWCNTs was polymerizing with Mylar film, the lack of
polymerization was believed to be due to the SWCNTs. A potential reason behind the gel not
polymerizing was the combination of SWCNTs being highly aligned and the Mylar film
blocking the UV light. The Mylar film is tinted, which has some UV resistance. There is also
research that explains how highly aligned SWCNTs (a.k.a. a forest) act as a near perfect black
body and absorb a high amount of UV radiation. An emissivity comparison of the highly aligned
“forest” SWCNTs to that of sprayed, pressed and SWCNTs vacuum filtered onto bucky paper
was made by researchers at Meijo University in Japan[17]. Emissivity is the qualitative description
of how effective a material is at absorbing light energy and emitting it as thermal energy. A value
of 1.0 is a perfect black body that emits all light energy as thermal energy when light hits its
surface, while 0 is a surface that absorbs no light. The comparison in the study shows that highly
aligned SWCNTs have an emissivity of around 0.98 at all wavelengths of light tested, and even if
they were slightly unaligned they still absorbed a large portion of the light depicted in the spectra
from this graph (Fig 17). The paper also mentions how the emissivity of SWCNTs stays constant
across wavelengths from 200 nm to 200 µm at an emissivity of 0.98, which contains the UV light

17

region used for this project. With this in mind, the most effective procedure was to maximize the
amount of UV light coming into contact with the membrane.

Figure 17. Analysis of the emissivity associated with SWCNTs[17].

To achieve a higher input of UV light to the gel, alternate UV transparent films were utilized.
Polyethylene was used, but only melted onto the glass panels when ran through the conveyor
more than a couple of times, and also produced cracked and unpolymerized samples (Fig. 18).
The defects produced from the samples in Fig. 18 resembled the defects found in the samples
seen in Fig. 14. The mechanism is similar where the sample was observed to be dehydrated.
Parafilm was also attempted, but there was no polymerization occurring just as happened with
the non-CNT gel.

Figure 18. C16MA gel with SWCNTs pressed under polyethylene before UV exposure (left) and after UV
exposure (right).
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The next UV transparent film used was a non-inkjet transparency film, assumed to be made of
cellulose acetate. This specific material composition still needs to be determined via FTIR due to
both FTIR machines being down in the Chemistry and Materials Engineering Departments
during this project. The transparency film was tested first at 20 passes with 20 seconds each pass,
and produced a fully polymerized film. The film was hard to handle because of brittle
mechanical behaviors (Fig. 19). This led to lowering the length of the UV curing stage to 5
passes at 15 seconds per pass for a fully polymerized membrane. This expedited the process of
making membranes. By optimizing the UV exposure time, the membranes produced were less
brittle, and it was easier to peel off the transparency film. Curing the membranes with tinted
Mylar film took at least 8 times longer than cuing the membranes with transparency film.

Figure 19. C16MA gel pressed under the transparency film before UV polymerization (left), after UV
polymerization (middle) and after peeling off the transparency film (right).

4.1.3 Qualitative Observations of Cured Membranes
SWCNT membranes
The SWCNT membranes produced with transparency film were highly brittle when produced.
The material is a highly crosslinked polymer, which makes it brittle. The brittle property along
with how thin the polymer was, made it highly susceptible to cracking, especially when the UV
transparent film was being peeled off. To mitigate the cracking, the membrane was carefully
peeled along the circumference of the membrane, and kept as flat as possible. The handling of
the membrane was done cautiously when loading the sample into the STERLITECH HP4750,
and it was important to select a defect free area to cut to be loaded for filtering that matches the
size of the 25mm STERLITECH HP4750 adapter. There was also a gray crystallized substance
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that would appear upon polymerization of the SWCNT gel (Fig. 20). Since this did not occur in
the C16MA samples without CNTs, the assumption was that this is crystallized CTAB because it
was the only other differing component in the two recipes.

Figure 20. Fully polymerized SWCNT C16MA gel with gray crystallized substance identified as CTAB.

Non-CNT Membranes
The gel produced for the non-CNT membranes visibly had some undissolved monomer in it.
This led to the cured membranes to also contain some undissolved monomer, which manifested
itself by making holes in the films of polymerized gel. These membranes were also brittle/ hard
to handle.

4.2 Filtration Testing
4.2.1 Flux Data
Using the methods described, filtration of tap water through the filter membranes was done to
test the permeability of water through SWCNT and non-SWCNT gel. The raw data for the
filtration of pressurized membranes gathered was the mass and the amount of time it took to
filter that amount of water. The following equation was used to obtain the flux (J) data:
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Where mH2O is the mass of the water in grams, ρ is the density of water in g/Liter, A is the area of
the membrane in m2, Δt is the amount of time the membrane was filtered for, and P was the
pressure the system was at. The flux data was normalized for pressure by dividing it by the
amount of pressure the system was at. The C16MA membranes were pressurized at approximately
80 psi or 5.5 bar. The area of the membranes was 4.91 cm2.
Many filtration tests were done, but the data that resulted in flux rates that were on a similar
magnitude as a PES membrane were excluded from this report. This was done because
membranes with high flux exemplify a membrane that contains macroscopic defects. As a
comparison of the flux rates, a PES membrane has a flux rate that is approximately 15000 times
larger than a C16MA filtration value found in literature [12]. The flux data obtained occurred under
conditions provided in Table I. The two types of membranes were only able to be filtered using
tap water once.
Table I. Flux Data Compared to Literature Values[12].

A graphical comparison of the membranes from Table I (excluding the PES) were produced (Fig.
19). The results showed that the flux obtained from the C16MA with no SWCNTs had a high flux
rate, much higher than that of the literature value. This meant that there was a defect in the
membrane causing a high flux rate. The value for flux of the SWCNT C16MA membranes was
about twice that of the literature value for C16MA membranes with no CNTs. Theoretical
simulations show that SWCNTs result in a significantly higher flux rate of water across a
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membrane when they are introduced into the matrix due to the smoothness along the near perfect
surface of SWCNTs[9]. Since the membranes produced had a flux data that was higher, it is
plausible that the higher flux rate is attributed to that theoretical property. This was a promising
result because it showed that the membrane had no defects, while potentially taking advantage of
the improved flux property. This cannot be concluded without further investigation and
additional flux testing for longer periods of time. As seen in Table I, the flux data from literature
performed the flux test for 29 hours versus the one to two hours that was recorded for samples in
this project.

Figure 19. Graphical comparison of the flux rates across C16MA membranes containing no SWCNTs,
with SWCNTs, and to a literature value acquired from a C16MA membrane produced with no SWCNTs.

4.2.2 Qualitative Membrane Observations after Filtration
The membranes were examined for defects before and after filtration. The membranes produced
with no SWCNTs had small chunks of undissolved monomer before filtration. During filtration
the monomer chunks dissolved and the resulting membrane seemed to look defect-free after
filtration (Fig. 20).
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Figure 20. Membrane with no SWCNTs after 2 hours of pure water filtration.

The membranes produced with SWCNTs looked defect-free before and after filtration when the
flux data showed to be similar to literature values of defect free membranes (Fig. 21).

Figure 21. Membrane with SWCNTs after 2 hours of pure water filtration (still wet) with no visible
cracks.

5. Future Recommendations
5.1 Characterization
5.1.1 Small Angle X-ray Scattering (SAXS)
SAXS data can reveal the structure of a polymer material by producing specific peak angles of
x-rays using Bragg’s law. Studies in similar projects to this one have investigated the structure of
23

C16MA as a filtration membrane using SAXS. Future projects should compare the structure of
the samples obtained to that found in literature to confirm that the structure produced was
consistent. Feng et al. studied the SAXS data of crosslinked C16MA at 70wt% [12]. Researchers
tested it as a gel, cured, and after filtration (Fig. 22). The data from Feng et al. shows how the
structure of the polymer as an LLC maintains its structure throughout the method of production.
If this can be done through the methods from this project, further validation of the methods will
be obtained.

Figure 22. 1-Dimensional SAXS data of 70 wt% C16MA gel at 70wt%, 5.4wt% water soluble crosslinker,
1.8wt% water insoluble crosslinker. The gel was tested before UV curing (H1 gel), after curing (Polymer),
and upon being soaked in water for 24 hours (H2O swelled)[12].

Additional SAXS data should be produced to validate that the gel pressing the membranes
containing SWCNTs maintains the same structure. Researchers from California Polytechnic
State University San Luis Obispo have shown that C16MA gel containing SWCNTs at 0.1wt%
maintain a constant structure from peaks obtained using SAXS (Fig. 23)[11].
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Figure 23. SAXS data of C16MA gel containing SWCNTs compared to C16MA gel without SWCNTs.
Both display peaks at the same wavelengths of light, indicating constant structure[11].

5.1.2 Scanning Electron Microscopy (SEM)
Analyzing the morphology of the polymerized SWCNT gels can achieve a better understanding
of the effective pore size and potential defects within the membrane. The membrane would be
investigated under low vacuum conditions (100 Pa) in a Philips FEI Quanta 200 Environmental
Scanning Electron Microscope (FEI, Hillsboro, OR) at California Polytechnic State University. If
accessible, higher magnitude SEM machines would be more effective because the Philips FEI
Quanta 200 Environmental SEM at Cal Poly cannot image SWCNTs. If higher magnification
options are available, investigating the alignment of SWCNTs in the polymeric matrix is
desirable for this project.

5.1.3 Fourier-Transform Infrared Spectroscopy (FTIR)
The acquired transparency films from Professor Eric Beaton from the Materials engineering
department were not tested in this project because both the on-campus sources for FTIR
experiments were non-functional during the experiment. It is important that future projects
investigate whether the assumption that the films are cellulose acetate is true. This will help
further validate the methods. In addition, FTIR should be conducted on both gel samples. As
mentioned earlier, due to the near perfect black body property of SWCNTs, FTIR results may be
difficult to obtain with the SWCNT gel. Comparing the similar and dissimilar peaks of the
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SWCNT and non-SWCNT containing polymer can aid in determining what differences the
SWCNTs cause in the polymer structure.

5.1.4 Polarized Optical Microscopy (POM)
POM is another characterization method that can help identify the structure of C16MA as a
hexagonal LLC. Past researchers have captured POM images of the mesophase produced from
C16MA (Fig 24). The structure of C 16MA with and without SWCNTs, polymerized and
non-polymerized should resemble the images captured from Kasprzak et al. when exposed to
crossed polarizers. This in tandem with the SAXS data should be sufficient to confirm whether
the LLC mesophase maintains its structure using this method.

Figure 24. POM image of the C16MA hexagonal LLC mesophase (left). POM image of the C16MA
hexagonal LLC mesophase before and after polymerization (right)[11].

5.2 Filtration
5.2.1 Dye Rejection Testing
To further investigate the pore size of these membranes, dye rejection testing is recommended.
By using different types of dye, the different colors of dye correspond with the size of the dye
molecules. Specific types of dye like methylene blue (1.4 nm), methyl orange (1.2 nm),
rhodamine red (1.8 nm), alcian blue (2.6 nm), are filtered through the membrane and based on
the rejection rates, the pore size of the membrane can be estimated[14].
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5.2.2 Ion Rejection Testing
To determine if these membranes can successfully desalinate water, ion rejection testing is
recommended. The water used for testing the sample can be obtained through combining a
known amount of table salt (NaCl) with water. The water that has passed through the membrane
is then tested for salinity using a conductive salinity sensor to test the membrane’s ability to
reject salt ions by comparison to the original salinity.

5.2.3 Repeated Flux Data
For this project, the extent of our flux testing was cut short due to a missing critical piece in the
filtration setup. Because of the inability to continue flux testing, our data cannot be confirmed as
accurate, because it was not performed in triplicate. In addition, the filtration data was only
recorded for a few hours at a time, while other studies have collected filtration data over the span
of several days. To get more accurate data, filtration data should be collected over longer periods
of time in order to have more accurate measurements of water mass at the end of the flux test, in
addition to performing the filtration testing in triplicate.

6. Conclusions
Our first conclusion is further research is needed to confirm the research question. This research
includes ion rejection testing to confirm that the membranes can successfully desalinate water to
California’s drinking standards, as well as further flux testing to confirm that the membranes can
maintain a constant flux over an extended volume of water. The second conclusion is that the gel
press method is viable for producing defect free membranes. Our third conclusion is that the
transparency film optimizes the UV polymerization process, compared to mylar, which takes at
least 8 times longer to fully polymerize the membranes than the transparency film.
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